The cooling system has an important role in the quality of machining results, the cooling fluid (air/fluid) are developed to be able to reduce heat and friction arising from the formation of the product, but also environment-friendly. The use of natural oils has been tested in various machining conditions with a minimum quantity lubrications (MQL) method, including the addition of materials that can improve fluid convective properties. Cooling performance with natural materials results in surface roughness according to product smoothness requirements according to ASTM classification and is able to maintain a low tool temperature and reduce chatter/tools vibration. Improvement of the MQL process, temperature, and compressed air pressure conditions determine cooling performance, the lower the compressed air temperature will increase the fluid's ability to reduce tool temperature and increase durability and tool life. The process of forming steel with high hardness requires a cooling system with special conditions. The properties of natural oils will be enhanced by the convective thermophysical properties by the addition of Titanium Oxide (TiO2), CuO and Aluminum Oxide (AL2O3). Natural oils used in the study are corn oil, sunflower oil, water with the addition of nanoparticles. The formation of nanofluids uses magnetic stirrer with varying time and rotation speed, and % weight ratio. The MQL System is equipped with cold air from the compressor which is cooled by utilizing the evaporation/refrigeration process which is kept constant at 10 o C. The cooling system is equipped with a microcontroller/interface to keep the air temperature/pressure constant. In this paper the data presented is a study of cooling in the hard milling process to determine the most nanofluid/dominant factors that affect the results. The results showed that the use of cutting fluids reinforced by nanoparticles in natural oils in a minimum amount increased lubrication properties. There is a significant effect on the use of cooling fluid types with surface roughness, fluids with high lubrication properties, significant to reduce surface roughness, cutting temperature and power consumption. The nanofluid prove was able to apply in an environment-friendly manufacturing process very promising.
INTRODUCTION
Cooling in the machining process is industrial 4.0, demanding a cooling system that is able to reduce process temperature, save energy, and is environmentally friendly. The development of machining cooling technology using dry cutting, cryogenic and very small lubrication has been applied with various models [1] . In the MQL process the use of nanoparticles as additives has been investigated with various treatment and machining processes for materials with high hardness both hard milling, hard turning and other machining processes with satisfactory results. The parameters used are reference to surface indeks and temperature cutting zone, [2] . The basic media for the formation of nanofluid, for environment friendly, formation using non-fossil oils. Types of natural oils that have the potential to be nanofluid are the soybean oil, coconut oil, sun flower oil, and corn oil, has been carried out both directly and supplemented with AL2O3, CuO, MOS2, and TiO2 nanoparticles, [3] . The types of nanoparticles added as cooling media produce variations in results, from the research conducted, the same machining process and parameters adding AL2O3 and TiO2 to natural oils can produce better surface roughness compared to CuO, [2] [3] . The cooling of MQL uses natural oil, requires air pressure by adjusting the pressure and amount to produce the optimum spray / fogging profile to improve cooling fluid performance, [4] [5] . There are three types of air-cooled cooling systems, namely (1) vortex tube (VT), (2) The thermoelectric system (TEC), (3) The cryogenic cooling, (4) The cold air base Refrigrated Compressed Air (CCA) [6] .
Mixing of nanoparticles in natural oils aims to improve the convective properties of the fluid, the mixing process is affected by rotation, time and process temperature, [7] . Use of a magnetic stirrer with parameter settings to increase nanofluid homogeneity and reduce sediment, [8] . The addition of solid nanoparticles will increase the ability of nanaofluid, the addition of nano graphite, 80 Nm improve cooling performance, reduce temperature, reduce the chisel force, [9] . The use of molybdenum disulfide (MoS2) powder with grain dimensions of 1.5 μm, improves cooling performance in the formation of high carbon steel workpieces, [10] . Tool life improvement reached 177% -230%, reduction in surface roughness decreased by 35% -60%, with the use of Al2O3 nanofluids, with the application of nanofluid this resulted in better contact / tribological properties, due to cooling and lubricating functions, [11] , TiO2 has good stability in dispersion conditions, does not require surfactants, [12] , [13] . The use of TiO2 and AL2O3 nanoparticles with natural oil as the basic media will be tested in the milling process with cold air pressure from the refrigeration process. The use of refrigeration-based temperature-lowering devices is an energy-saving tool that is able to produce a constant temperature below 10 o C, which will be used as the MQL process compressed air in the formation of high hardness steel.
Literature Review 1.2.1. Air-Cooled Cooling Systems In Machining
Low process temperatures in the cooling process are needed to improve cooling performance, the fluid used is lowered using various methods. Cold air needed to suppress the liquid in the MQL process, the amount and temperature of cold air will affect to the shape of mist form to improv the effectiveness of cooling, [14] . The form of spray, temperature, duration of giving fluid at the site (tools) will affect the process conditions during cooling, [15] . Fluid-lowering technology for the machining process, have developed and applied, are three method, vortex tube (VT), Thermoelectric Cooling (TEC), and Compressed Chriogenic Air Cooling (CRA).
(a) Vortex Tube (VT)
The vortex tube (VT) tool has been used and applied to the manufacturing process, using compressed air and is easy to use. VT can be used for cooling with dry cooling methods or to support MQL processes. The drop in air temperature, technically VT is easy to use but a high and constant air flow rate is needed, which can be done with a large air / compressor storage system, [6] . The VT image can be seen in Figure 1 . The use of cooling methods by utilizing a thermo-electric system (TEC) by making two hot and cold sides. The wall temperature TEC system is regulated by controls and electronic circuits. The working principle can be seen in Figure 2 .
Typical TEC schematic diagram [18] The cold air produced is flowed through a flexible pipe system and is used in the machining process. The main principle of this cooling system is that the temperature of the cold air produced has sufficient flow rates to cool the tool contact with the workpiece. The TEC tool does not produce gas and is easy to use, [18] , Dimensions of temperature-lowering devices based on TEC/thermoelectric modules, using a length and width of about 2.5-50 mm, thickness/height of about 2.5-5mm, [18] . Advantages of TEC systems are in addition to immovable, lightweight and small TEC tools, easily applied to cooling the process of metal formation. This TEC system is in principle simple but the application and use in the field is constrained by the selection of components for heating and cooling parts.
(c) Compressed Chriogenic Air Cooling (CRA)
The CRA cooling method uses Liquid Nitrogen (LN2) to cool the machining process by spraying LN2 directly into the cutting zone. The CRA method can improve the machining process performance, but because the temperature is very low, making handling and LN2 applications dangerous, and to work safely, a protection system is needed. The CRA method is generally described as follows in Figure 3 . The Use of LN2 can produce cold air that can be used, as a cooling medium for machining processes. This CRC technology is easy to implement and is also capable of producing high air flow rates with very low temperatures [20] . 
MATERIALS AND METHODS 2.1 Material

MQL Using Natural Oil
The cooling technology using natural oil / neat oil, has been applied both pure and mixed with nanoparticles, mixing using a weight ratio (0.5%, 0.75%, 1%); (weight of natural oil). The formation process is carried out using magnetic stirrer, which regulates the mixing duration, electric time and temperature. The stages of making nanofluid can be seen in Figure 4 . 
Refrigrated Cold Air (RCA) Innovation With Interface/Microcontroller Atmega
The temperature-lowering methods that have been discussed above have advantages and disadvantages that are used as input in innovation and the development of a temperature-lowering system that is easy and economical. The refrigeration system is a system that is widely known by engineering personnel, the use of a temperature-lowering system with refrigeration is a development option for cooling, for work optimization is controlled by the ATMEGA microcontroller, to automatically adjust the work of the refrigeration system. Compressor pressure is regulated using a valve with a pressure gauge control, the temperature on the input and output sides is set with ATMEGA.The cooling scheme developed can be seen in Figure 5 . 
Factor and level for Experiment
Experiment Set-Up
Data retrieval of MQL application with refrigeration based pressure can be seen in Figure 6 . 
RESULTS AND DISCUSSION
From the experiment using the taguchi distribution, the optimum results were obtained for each MQL system, especially on the surface roughness and temperature of the cut zone as presented in the Data from testing the use of nanofluid with water with CuO in the machining process shown in table 6. All MQL processes in each method use cold air to suppress fluid (nanofluid), cold air from the RCA system is applied with temperature control, and pressure using ATMEGA. Manual system of cooling level can be adjusted automatically set-up of the level of pressure and temperature output before machining process. The dry cutting using cold air applied in milling on SS 304. Data from testing the use of cold air in milling process on SS 304, shown in table 7 below. 15,6011 74,00 531,67
Disscusion
From experimental data the use of cooling systems with the results of testing the surface roughness, process temperature and power (enegy consumption), the use of fluid types is very influential on the machining process conditions. The use of nanofluid with cold air suppressants also showed different results, although factors and levels used the same parameters, following the comparison of the data machining four cooling types above, were clarified with Figure 7 . The graph 7 shown, that the use of coolant (nanofluid) used as shown above influenced to the surface indexes, the use of cold air on the formation of high hardness steel, the result is above the value of surface roughness produced using natural oil-based nanofluid. Taguchi process optimization shows the factors and experiment levels to 4 and 8 show the best results, while factors and levels with the highest criteria are factored and level (3) and (9) . The phenomenon shown, the type of fluid and the cooling method greatly affect the results of the type of nanoparticles used affect surface roughness, Al2O3 nanoparticles with sunflower oil can produce the lowest roughness, followed by corn oil with TiO2 nanoparticles added, CuO with water showed roughness the highest. The use of cold dry cutting method, with a temperature of 10-12 o C, has not been able to reduce and replace liquid lubrication with the MQL system, especially in materials with high hardness, the high temperature of cutting and without lubrication causes a rough surface. Roughness with index below 2 µm, generally can be grouped for finishing process, The results of this study if compared with other studies shown as the research of nanofluids base natural oil [11] . The surface of the workpiece as the formation target requires ASTM classifications achieved, the roughness indeks for finishing average at 0.50-2 µm, this result of milling process of SS 304 in accordance with the trend produced in the previous study [22] . The formation of products with high hardness, resulting in a high increase in process temperature, the use of cooling methods with low temperatures below 10-15 C and minimal lubrication (MQL) with corn oil with the addition of TiO2 proved to have good lubrication, low cutting temperature and power the smallest. The high cut zone temperature will quickly reduce the sharpness of the tool, will result in metallurgical changes and will eventually affect the machining results, [23] . The use of nanofluid sun flower and corn oil with cold air pressure, with nanoparticle used, keep the temperature tools of the cutting zone below 40 o C, while dry cooling used, using the same level increase the temperature of the cut zone. The cut temperature conditions in the research carried out are clearly illustrated in Figure 8 . Based on cutting zone temperature conditions, and energy of motor consumpted in Figures 8 and 9 , there are interrelated relationships between the temperature of the cut zone and motor power. Increased heat in the cutting zone is caused by a large force so that it will increase the motor power needed for formation. In the formation of using nanofluid corn oil (TiO2) and sunflower oil (Al2O3), the motor power is almost the same as the power range of 300-350 watts, with a voltage of 220 V, then the current ranges from 1.4 to 1.6 A, while in water use and CuO shows lower lubrication properties, resulting in greater friction and energy consumption, [1] [4] [7] . The greatest power consumption occurs during dry cooling, motor power increases according to temperature rise and friction force. [21] [24].
CONCLUSION AND FUTURE WORK 4.1. Conclusion
From the comparison of the type of cooling and its correlation with surface roughness, cut temperature and energy consumption it can be concluded; a. There is a significant effect on the use of cooling fluid types with surface roughness, fluids with high lubrication properties will reduce surface roughness, cutting temperature and motor power. b. Increasing the cutting temperature is directly proportional to the increase in energy consumption, the occurrence of high friction forces on the tool and workpiece will increase motor temperature and power, while cooling with dry cutting shows that lubrication is a very important factor for overall machining conditions, if the ability low lubrication, high temperature and power increase. c. The effectiveness of cold air on machining does not have a large effect on the yield surface, the need for fluida with high lubrication is still needed especially in the formation of high hardness material such as SS 304.
Future Work
a. The use of nanocutting fluid, especially corn oil and sun flower with additional nanoparticles, is needed to be tested in high speed machining conditions. The use of different chisels needs to be applied to complete the data on the use of nanofluids in various machining processes. b. Analysis of morphology and crystalline form of nanoparticles need to be studied more specifically to connect cooling performance with the shape and dimensions of added ingredients
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